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THERAPEUTIC MICROEMULSIONS 



5 FIELD OP THE INVENTION 

Thfe invention relates to pharmaceutical cotnposirions in the farm of water-in-oil 
(w/to) sdf^nlsifymgmicroemuJsioni, processes for their preparation and their use. 

BACKGROUND OF THE INVENTION 
10 Mfc^nnl^ 

cJeardisperaon, of two immiscible Kquids stabilized by inters 
^nurfecnles. The formation ofmicnxmmaons usnally involves a combination 
Of thw tv > five components, namely, an oil water, a stnto^a cosmfactan, and an 

15 i ^ " f0im CithCr * WaCr - in -° il ^/o) or an oil-in-water (o/w) 

15 n^^ul^isinflnencedby^propern^ofd^ 

Surfactants ate conveniently classified on an empirical sale known as the 
hydropfaihc-Upopw^ balance (HLB) which run, from 1 to 20. In general, (w/o) 
nx^ulsions are fanned using surfactants (or emulsrfiers) which have an HLB 

?n ^"^™ g eofab(mt3 tt >6whilst(c^)micn^uMcmsa re ^f^^ 

10 surfactants which have an HLB value in the range of about 8 to 18. It has long been 
«ogmzrf that low mterfacial tension contribute, to the thermodvnarnic stability of 
ntmroemutaons. To achieve this, the surfactant should preferably exhibit low 
solubxhry in bom the oil and wtuer phases, and be pxeferentiaUy absorbed at me 

25 t C nsK>n l sle S sthan2xl^2 d ^ OTia ^ Ien ^^ n ^ fom 

^T^ 00 ™"* 0 ™ TO P^vfae- by B hargav. et aL, Pharm. Tedu.46.53. 
March 1987 and Kahlweh. Science. 240. 617-d21, 1988. 

Microemulsions ate typically substantially non-opaque, mat is they arc transparent or 
opalescent when viewed by optical microscopic means. In the uncnstnrbed state, they 
« optically isotropic (non-birefringent) when examined under polarized light. The 
dupersed phase typically comprises particles or droplets which are normally between 
5 and 200 mn in size and this gives rise to their optical transparency. These particles 
may be spherical although other structures are feasible. 

The role of the cosurfacant, usually a short-chain alcohol, is to increase the 
mterfadal fluidity by penetrating the surfactant film and consequently creating a 
disordered film due to the void space among surfactant molecules. The use of a 
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uuutluw in micrcemulsians is however optional and alcohol-free self-emulsifying 
enmlara andtniaocmulsions have been described in the literature (see for instance, 
Ponton etaUInt Journal of Phaimaceatk^ 27. 335-348, 1985 aiid Osborne « a/ J 
Msp, ScLTech., 9. 415-423,-1988). 

There an many advantages to the nse of a nricromulsion over a conventional 
emulsion (or rnacroemulsian) for drag transport (delivery). Microemulsions form 
spontaneonsly. without the need for a high input of energy and are therefore easy to 
prepare and scale up for commercial applications: they have thermodynamic stability 
due to their small particle size and therefore have a long sltelf life; Aey have an 
""tropically clear appearance Jo that they may be monitored by spectroscopic means; 
they have a relatively low viscosity and are therefore easy to transport arid ntix; they 
have a large interfacial area which accelerates surface reacttottr, they have a low 
interfacial tension which permits flexible and high penetrating power and, lastly they 
°ffathepossibihtyofirnprt>ved^ 
hydrolysis. In addition, microemulsions may undergo phase inversion upon addition 
of ^excess of the dispersed phase or in response to a teanwautre change atid this is 
a Property of these systems that can affect drug release Wmicroemulsioos both in 
vurondinvivo. The reasons for this improved drug delivery are not howeverweU 
40 understood. 
>r 

Tne use of tipid-based microemulsions to eruiance me bioavau^biluy of dirlerent 
drugs, including peptides, has already been proposed. Thus, GB 2 222 770-A 
(SandozLtd) describes microemulsions and corresponding microemulrion "pre- 
concentrates- for use with the highly hydrophobic cyclosporin peptides. Thus, a 
suitable pre-concentrate comprises U-propylene glycol as the hydrophyte 
component, a capryiic-capric acid triglyceride as the lipophilic component and a 
™»ure of a polyoxyethyJene glycolated hydrogenated castor oil and glycerin 
ntonooleate (ratio 11:1) as the surtaaant-cosurfactanL Such formulations may then 
be diluted with water, to give oil-in- water rather than water-in-oil nticroemuMons. 

GB 2 098 865A (Sandoz Ltd) describe, topical compositions in the form of 
miaoemiilsions comprising a water-inmtiscible organic solvent, an emulsifier, a co- 
emulsifier, water and a (non-peptide) therapeutic agent. These formulations are said 
K>haVe "wroved skin penetrating properties. Suitable organic solvents include 
mono- or dieners of glycerol with a (Q.22) carboxylic acid, such as glyceryl 
caprylate (which may also act as a co-emulsifier). 
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US 471223 9(Mtdter«rd.) describes multkwnponew systems for pharmaceutical 
use comprising an oH, a wnknic surfactant wu* an HLB value above 8 and a co- 
surfactant which is a partial ether or esw of a polyfaydroxyl alcohol and a (Q.22) 
faay alcohol or acid, which components form a ■single phase" on miring. The, 
special properties of the system are anribntediothepanicularbleiidof surftctantand 
cwnrfactant selected. An aqueous phase is an optional extra and the therapeutic 
agemnuybelipophilkorhvcnjphilic Such sysaans are said to give enhanced 
nasdennal delivery chanceristics. Amongst the examples provided, one (example 
1, formulation I) has PEG (20 EQ)-okic acid glycerol partial esters (40%). caprylic- 
capric add glycerol partial esters (42* monoglyceride, 24%), medium-chain 
Jriglycerides (16%) and water (20%). 



-20 



OB 1 171 125 (Glaxo Laboratories Ltd.) describes microemulsions comprising a 
hydrophihe oil, a blend of low and high HLB surfactants and an aqueous phase, for 
15 use as injectable preparations. In particular, example 15 thereof contains in the 
%>lMfc pnaseamtxtnreofc(^ The patent is 

concerned with improved formulations and is silent on bioavailabiry. 

WO 88/00059 (Engstrthn a aL, and the corresponding paper, J. Dispersion Sd. 
TecfanoL, 1 1, 479. 1990) discloses controlled release compositions for biologically 
acave materials comprising an TL2-phase" and containing an unsaturated (C 1M2 )- 
6ny acid monoglyceride and an unsaturated (C , MjMatty acid triglyceride, in a ratio 
of from 1:1 to 3:1, arid a polar liquid such as water. Such an unsaturated {Cxt^h 
fattyaddmonoglycerideisabwHU There is. however, no mention of 

the additional inclusion of a high HLB surfactant. Tlie existence of an L2 phase had 
Previously been described for a water/moncx^tin/tricapiylin system by Friberg el 
aL,h Amer.OaChem. Soc,47, 149. 1970. Again, there is no mention of the 
additional inclusion of a high HLB surfactant 

30 We have wjw surprisingly found 

obtained using (w/b) microemulsions having a lipophilic phase in which the lipophilic 
phase is a mixture of medium and long-chain fatty acyi mono-, di- and Jriglycerides. 
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SUMMARY OF TOE INVENTION 

Accordingly, the present invention provides a pharmaceutical composition 
comprising: 

(a) a lipophilic phase having an oil which is a medium- or a long-chain fatty acyi 
triglyceride or a mixture thereof and a low HLB surfactant which is a medium- or 
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* lflof-dain tarty acyl mono- and/or diglyceride. 1 iort»ittn long<hain ftny *dd 

medium- and long-chain fatty acyl moieties; 

(b) ahjghHLBimfactam; 

(c) an aqueous hydrophilic phase; and 

(d) a water-soluhte therapeutic j 
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IT* pharmaceutical composition upon admixing forms a stable, self-emulsifymg, 
waer-itMrfl (w/o) microemnlsion which is liquid or a gel at room temperature. 

DETAILED DESCRIPTION OF THE DRAWINGS 



Hgmel IDustiates a Pseudo Ternary Ph^ 

Existence Field in a system containing an oil and a low HLB surfactant 
15 mtfi^iattoX, a high HLB surfactant and an aqueous phase; 

Rgme2 IDuarates a Pseudo Ternary Phase Diagram of theW/O Microemulsion 
Existence Reld in the System comprising Captex 355 andArlacel 186 
(ratio 3:1), Tween 80 and saline; 
. Kgme3 Dlnstrates a Pseudo Ternary Phase Diagram of the W/O Microemulsion 
Existence Held in the System comprising Captex 355 and sorbitan 
monooieate (ratio 3:1), Tween 80 and saline; 
Hgure4 Dhtstrates a Pseudo Ternary Phase Diagram of the WAD Microemulsion 
Existence Held in the System c^prisingCaptex 355 + soybean oil (ratio 

3:1) attdArlacel 186 (ratio oU: tow HLB strfactant3:lX Tween 80 and 
^5 saline; 

Hgn»5 Illustrates a Pseudo Ternary Phase Diagram of the W/O Microemulsion 
Existence Held in the System comprising Captex 355 + soybean oil 
(ratio 1:1) and Ariacel 186 (ratio oil : low HLB surfactant 3:1), Tween 
80 and saline; 
30 Hgme6 lDastiatesaIW>Teina^ 

Existence Held in the System comprising Captex 355 + soybean oil 
frttio 3:1) and Capmul MCM (ratio oil : low HLB smfactant 3:1X 
Tween 80 and saline; and 

Illustrates a Pseudo Teinaiy Phase Diagram of theW/O Microemulsion 
Existence Reld in the System comprising Captex 355 and Ariacel 1 86 + 
Capmul MCM (ratio 1:1), (ratio oil: low HLB surfactant 3:1), Tween 80 
and saline. 
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DETAILED DESCRIPTION OF THE INVENTION 

As noted above the instant invention comprises a pharmaceutical composition which 
has 

a) a lipophilic phase having an oil which is a medium- or a long-chain fatty acyl 
5 triglyceride or a mixture thereof and a low HLB surfactant which is a medium- or 
a long-chain fatty acyl mono- and/or diglyceride, a sorixixan long-chain fatty acid 
ester err a mixture thereof, such that lipophilic phase comprises a mixture of 
medium- and long-chain fairy acyl moieties; 
(b) a high HLB surfactant; 
10 (c) an aqueous hydrophilic phase; and 

(d) a water-soluble therapeutic agent; which upon admixing form a stable, self- 
emulsifying, water-in-oO (w/o) microemulsion which is liquid or a gel at room 
temperature. 

15 Earlier work in this area disclosed that useful (w/o) microemuisions may be prepared 
having a lipophilic phase which is either a mixture of a medium-chain fatty acyl 
triglyceride oil and a low HLB surfactant which is a medium-chain fatty acyl mono- 
or di-glyceride or a mixture thereof (Cmistantinides, P„ WO93/02664, published 18 
February 1993) or a mixture of a long-chain fatty acyl triglyceride oil and a low HLB 

20 surfactant which is a long-chain fatty acyl mono- or di-glyceride or a mixture thereof 
or a sorbitan long-chain fatty acyl ester (Constantinides, P., WO93/02665, published 
18 February 1993). 

It has now been found that stable, water-in-oil (w/o) self-emulsifying microemuisions 
25 may also be prepared containing a lipophilic phase which is a mixture of medium and 
long-chain fatty acyl mono-, di- and triglycerides. 

As used in the context of the phrase "in which the lipophilic phase comprises a 
mixture of medium- and long-chain fatty acyl moieties", the term "mixture" refers to 

30 an enriched blend of components, preferably where the other component is admixed 
in an amount greater than 10%. Suitably the medium chain fatty acyl moiety is 
present in an amount of 20% or greater, preferably about 50% and most preferably 
about 80% of the total mixture. Thus, mixtures within the scope of the present 
invention include the medium- and long-chain components in a ratio of from 10:90 to 

35 90:10, preferably from 50-30 to 70:30, more preferably 50:50 to 80:20. 



Compositions according to the present invention comprise in the lipophilic phase, for 
instance, a mixture of a medium-chain fatty acyl triglyceride and a low HLB 
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surfactant having a long-chain fatty acyl moiety or a long-chain fatty icyl triglyceride 
and a low HLB lurfactant having a medimn-chain fany acyl moiety. Another useful 
Upophilic phase comprises a mixture of a long-chain and a medium-chain fatty icyl 
triglyceride and a medium-chain fatty acyl mono- and/or diglyceride. It has, 
however, been found that certain combinations of long-chain fatty acyl triglycerides 
and medium-chain fatty acid mono- and diglycerides optionally admixed with a long- 
chain fatty acyl monoglyceride do not form stable, self-emulsifying water-in-oil (w/o) 
micTOOTubaons on admixing with a high HLB surfactant and a hydrophilk phase and 
ate accordingly outside the scope of the pn^t invention. 

The term "medium-chain fatty acyl" as used herein refers to a fatty acyl moiety 
having from 6 to 12, preferably 8 to 10 carbon atoms which may be branched or 
unbranched, preferably unbranched and which may be optionally substituted. 

15 The term "long-chain fatty acyl" as used herein refers to a fatty acyl moiety which 
may be saturated, mono-unsaturated or poly-unsaturated, having from 14 to 22, 
preferably 14 to 18. carbon atoms which may be branched or unbranched, preferably 
unbranched, and which may be (mtionaUy substituted. 
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Suitable medium and long-chain fatty acid triglycerides for use in the present 
iiwentiminaybeofnatti^ 

blends of different fatty acid triglycerides. Suitable triglycerides for use herein are 
readily available from commercial suppliers. 



25 



Preferred medium-chain fatty acyl triglycerides comprises capryuc (Cg) add 
optionally admixed with capric (Cm) add, for instance from 50 to 100% (w/w) of 
caprylic add and from 0 to 50% (w/w) of capric acid triglycerides. Suitable examples 
include those available under the trade names MYRTTOL; CAPTEX (Karishams 
Lipid Specialties, Columbus OH), for instance CAPTEX 355, CAPTEX 300, 
30 CAPTEX 350, CAPTEX 850, CAPTEX 800 and CAPTEX 8000; MIGLYOL 

(BASF), for instance the grades MIGLYOL 810. MIGLYOL 812 and MIGLYOL 818 
(which also comprises a linoleic add triglyceride) and MAZOL 1400 (Mazer 
CheiracaLGuraee, H). The fatty add content of representative products is; CAPTEX 
355 • caproic acid (2%). caprylic add (55%) and capric add (42%); CAPTEX 8000 - 
35 at least 98% caprylic acid, MYGOL 810 - caproic add (2%). caprylic acid (65-75%), 
capric add (25-35%) and MIGLYOL 812 - caproic acid (3%X caprylic add (50- 
65%), capric add (30-45%) and lauric acid (5%) (manufacturer's data). 
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**nu Phm. vegetable and fish oils such as stark oil oli ve oil, se*uoe oil.p«nut 
^^<*«»fitowercaU^^ 

S X ^^ W%) ! UM ^^<«*).^acid(ll%)^«e^« id 
W» tngtycerioe, whilst safflower oil consist, of oleic acid (13%). linoleic add 

* tB * 1 ^ palmitic acid (5%) triglycerides. Suitably in soch long- 

chain fatty sad triglycerides, the major fatty acid components are C]g-satnrated, 

^J««n»^thatwh^ 

nglycendes are obtained by physically admixing niglycerides whkh 
«»naHy have medium-chain faoy acyl moieties with triglyceride, which essentially 

^tltT ? SCyi m0iCtiC5 - » — —« of medium- and long- 

chmn fatty acyl triglycerides in me derired ration 8 

^T^^ ^ -croemnlrion, which « aqmd, cr gels at 
rocm, tempers (thaisWw ^ t ^ Q ^ ih ^^^^ 

^^rio^w^are^atroom^mre. Accordingly. » formulating 

oTZ^nl ^ inVen,k>n ' OUS '«*««»"'« oil (mp 25-C) and palm 
^ about 30»C) or blends thereof should be avoided as me use thereof wiU tenT 
«o give rbrnmlaaons which aresolid at room icmperarure. 

Suimble low HLB surfactants far use in the present invention include ferry acid 
monogJvcende, and diglycerides, a, well a, matures thereof, and may d» comprise 

includeblendsofdirWfatryacidmon^ X 

^medium ^ farry acid tnono- and di-glycerides are formed fxom caprylic 

^TlT^l ^ ^ *»" about 50 » I0 °* caprviic adTand 
from about 0 to 50% capric acid mono and/cr diglycerides. Suhable commercial 
sources of these include the products available under the trade n^CAPMUL 
O^rbbam lipid Specialties, Columbus OH), for instance the products CAPMUL 
, **"* COmpriscs "onoglycerides (77.4%). diglycerides (21%) and free 
glycerol (1.6%), with a fatty add composition of caproic add 02%), caprylic add 
(6*8%), capric acid (29.6%), lauric acid (0.3%) and paJmitic add (0. 1%) and 
CAPMUL C8 which has monoglycerides (70 - 90%). diglycerides (10 -30%) and 
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^2 ^ * ^ ^ «'"»«« ^ compn« at ie« tt* 

capryfac » (nunnfactnxm dam), and Imwitor 308. 

5 mo^!"^ ^ ** m ° n0g,yceridcs ^ moooofeare. glycena 

the P^ducaavailablc under the trade names MYVEROL, such „ 
C^ST 1 ** and MYVAPLEX, «pej^ 

. ^*^<^s, Rochester. New Yo*. A further useful long-chain fatty 
_ «w monoglyccnde-conaining product is ARLACEL 186 (available from Id 

15 farTl/T^T Preferably a C^monocnsauiraied or polyunsaturated 

15 fatty amd. ^ «^tic^ caaceiylaied and disuccinylated versions 

12^7 ^« — l-e, available comte^^ 

avadable commercially under the trade names SPAN 83 and ARLACEL IT 

25 Sd f HLB surface ^ havc an HLB value in the range of about to 

^ <*™UL MCM. MYVEROL ^R^cl 

so 

^ S^?^ ^ ^ CXamP ' e **>«**y»« «-hc acid esters 
of the rype avadable under the trade name MYRJ (Id Americas. Inc ) for 

instance the prodnct MYRJ 52 (a polyoxyethylene 40 stearate)- 

35 I^TT^T^ ** eSOT ( P°'y SOTbat "). ** the mono- 

a^tn-lauryl, paMnyl, steary, and o.eyl esters, for instance the poiyoxyethyleue 
soxbttan monoofea.es available under the nade name ofTWEENOQ Arnicas 
^»ch as ITVEEN 20, 21. 40. 60, 61. 65. 80. 81 and 85. of which das, 
TWEEN 80 is especially preferred; 
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(c) polywyetliykne glycol long-chain alkyl etfaen. such as poryoxyethylated glycol 
lauryi ether; and 

(d) poryoxyethyleoe glycol long-chain alkyl esters, such as PEG-monostearate. 

5 Far use herein, the high HLB surfactant preferably has an HLB value in the ranee of 
13to2a , ....... 

Suitably, the blend of low and high HLB surfactants will have an HLB value in the 
range of from about 7 to about 15. 

10 

As used herein, the term "therapeutic agent" (hereiiiafternrfeTred to as "drug") refers 
to any compound which has biological activity, is roluble in the hydrophilic phase 
and has an HLB value of at least that of the high HLB surfactant used in the 
formulation, to ensure that the drug is preferentially dissolved in the hydrophilic 

15 1^ than tne lipophilic phase. This includes both peptides and non-peptides. 
Suitable peptides include not only small peptides but also larger 
PqHides/polypeptides and proteins. Suitable such peptides prefembly have a 
fnolecular weight from about 100 to 10.000, more preferably from about 100 to abom 
6400. Especially preferred are peptides having from 2 to 35 amino acid moieties. 

20 Higher molecular weight peptides, even those with a molecular weight of above 
10000, up to about 50JXQ. may also be accoraodaiedmimcroemnUioiisof the 



Suitable small peptides have from about 2 to about 10, more preferably from about 2 
25 to about 6 amino acid moieties. Preferred smaU pe!^ indude the fibriitogen 
receptor antagonists (RCD containing peptides) which are tetrapeptides with an 
average molecular weight of about 600. These peptide antagonists are highly potent 
platelet aggregation inhibitors at plasma levels as low as 1 pmoi/mL Preferred 
fibrinogen antagonists include the peptide cyclo{S^)-N«-acetyl-Cys-<N»-methyl)Arg- 
30 Gly-Asp-Pen-NHz (Ail « ai.. EP 0 341 915, whose disclosure is herein incorporated 
by reference in its entirety) and the peptide cvdo(S^H2-mercapto)ben2oyl-<N«- 
memyl)Arg-<31y-Asp^-mercapto)phenylamide (EP0423 212, whose disclosure is 
herein incorporated by reference in its entirety). Other fibrinogen antagonists useful 
in the present invention are those peptides disclosed by Pierschbacher « WO 
35 89/05150 (US/88/D4403);Marguerie.EP 0275 748; Adams er of, U.S. 4,857,508; 
Zmunerman a aL, U.S. 4;683,291; Nutt a aL, EP 0 410 537, EP 0 410 539, EP 0 410 
540, EP 0 410 541, EP 0 410 767, EP 0 410 833. EP 0 422 937 and EP 0 422 938; All 
« «k EP 0372 486; GtbaeroZ, WO 90/02751 (PCT/JP89/00926); Klein a aL, VS. 
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4,952^62; Scarborough etal., WO 9CV15620 (PCT/US9QAJ3417); AlietaJ 
PCT/US9(V065r4 and PCT/US92J00999; the peptidc-like compounds disclosed by 
AK«a/, EP 0381 033 and EPO 384 362; and the ROD peptide cyclo-Na-a«tyl- 
Cys-Asn-Dtc-Anif-Gly-Asp-Cys-OH (in which Dtc is 4,4'Hlmwthylthia«)Udine-5- 
cartoxylic acid and Amf is 4-aminomemylphenylaIanine). 

The RGD peptide may be usefully included in the microemulsion formulation in an 
amount up to about 600mg/g of the hydropmlic phase or from 0.1 to 60 mg/g of the 
fonnulatioiL 

Other peptides useful in the present invention include, but are not limited to. other RGD 
containing peptides such as those disclosed by Momany. US 4,41 1,890 and US 
4^10413; Bowers et aL, US 4.880.778. US 4.880.777. US 4.839,344; and WO 89/10933 
(PCT/US89/D1829); the peptide Ala-His-D-Nal-AIa-Trp-D-Phe-Lys-NHj (in which Nal 
represents 8-naphthyIalanine) and the peptides disclosed by Momany, US 4,228,158, US 

US 4,228J56, US 4>228 ' 155 - US 4 ' 226 ' 857 ' US ***** US 4 ^3.02L W 
4.223.020, US 4,223,019 and US 4,410,512. 

Other suitable peptides include hexapeptides such as me growtt. hormone releasing 
pqmde (CHRP) His-D-Trp-Ala-Trp-D-Phe-Lys-NH^ (Momany. US 4,41 1.890) and 
retatedanalogs thereof, such as but not limited to. His-D-Phe-Ala-Phe-Lys-Gln-GIy- 
NH2, Hong et ai. USSN 07/95 1500 the disclosure of which are herein incorporated by 
reference in their entirety). This may usefully be included in an amount up to about 
250mg/gof the hydrophilic phase or from 0.1 to 25mg/g of the formulation. 

Suitable larger polypeptides and proteins for use in microemulsious of the present 
invention include insulin, calcitonin, elcatonin, calcitonin-gene related peptide and 
porcine somatostatin as well as analogs and homologs thereof. Other suitable larger 
Polypeptides include those disclosed by Picrschbacher « aL, US 4,589.881 (>30 

«ndues); Bittm«<US4^00(20-30n»idues):andD« n anmi«a/..EP 0204 
480 (>34 residues). 

Other type of compounds useful in the present invention include analogs or homologs 
of LHRH which display potent LH releasing activity or inhibit the activity of LHRH; 
analogs or homologs of HP5 which possesses hematopoetic activity; analogs or 
homologs of endothelin which possess hypotensive activity; analogs or homologs of 
enkephalin which have antinociceptive activity; analogs or homologs of 
chlorecysmldnin; analogs or homologs of cyclosporin A which have 
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immu n osuppr e ss ive activity; analogs or homologs of atrial natriuretic factor; 
peptidergic antineoplastic agents; analogs or homologs of gastrin releasing peptide; 
analogs or homologs of somatostatin; gastrin antagonists; bradykinin antagonists; 
neurotensin antagonists; bombesin antagonists; oxytocin agonists and antagonists; 
5 vasopressin agonists and antagonists; hirudin analogs and homologs; analogs and 
homologs of the cytoprotective peptide-cyclolinopeptide; alpha MSH analogs; 
analogs, and homologs of MSH releasing factor (Pro-Leu-Gly-NH2); peptides which 
inhibit collagenase; peptides which inhibit elastase, peptides which inhibit renin; 
peptides whkh inhibit HIV protease; peptides which inhibit angiotensin converting 
10 enzyme; peptides which inhibit chymases and tryptases and peptides which inhibit 
blood coagulation cnyzraes. 

Other suitable drugs include non-peptide therapeutic agents such as antibiotics, 
antimicrobial agents, antineoplastic agents, cardiovascular and renal agents, 
1 5 antiinflammatory, immunosuppressive and iirimunostimulatory agents and CNS 
agents. 

Preferably, the drug is a peptide such as a fibrinogen receptor antagonist peptide (an 
RGD peptide), GHRP (His-D-Trp-Ala-Trp-D-Pbe-Lys-NH2), a vasopressin, a 
20 calcitonin or an insulin, more preferably the fibrinogen receptor antagonist peptides 
cydo(S,S)4^aceryl-Cys-(r^m or cyclof^fiyfZ' 

mercapto)benzoyl-(N^methyI^^ or GHRP. 

In a preferred aspect, the present invention provides compositions in the farm of 
25 nricroemulsions comprising a peptide which may be orally administered and which 
will retain biological activity, thereby overcoming the disadvantages of earlier 
formulations in which die bioavailability of the peptide has been less dun 
satisfactory. In particular, the present invention provides compositions which by their 
nature permit die preparation and administration of a peptide in sufficiently high 
30 concentration to allow not only convenient oral administration but also adequate 
bioavailability of die peptide. 

For a water-soluble drug, the degree of incorporation into (w/o) compositions of the 
present invention is limited only by its solubility in the hydrophilic phase. The ionic 
3 5 strength and pH (within the range 3 to 10) may be adjusted to aid dissolution, without 
compromising the integrity of the composition. 
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aadjnay also fadade , phan.aceaticaUy Kceptabk solvent which « nonnnucible 
wub the elected lipophilic phase 

5 kapt,^^^^^^^^^.^^^^^^^^ 

*e use of .-mono, or polybydmxyalcohol co-surfactant, such as emanol, butanol or ' 
P-opyleae^vcol, as the major component of the hydrophilic phase amy be avoided 
™, has the advantage of not only mitigating the ability and processing difficulties 

duodenum irritation. Accordingly, the hyurophilic phase of cotnposirions of the 
P™«t -vennon may be essentially aqueous and comprise less than 10%. jnefarably 
^ than 5% and more tneferrably less than 2% by weight of the phase of an alcohoL 

self-emulsifying microemulsions within the scope of the present invention. 
^^^^^ *^r* m>! ^ i ' ,owevef » 08 readily determined by the skilled man with the 

20 ^^ m ^^^^^^'«f^^^ 
and an aqueoos/hydrophilic phase, a pseudo-ternary phase diagram is 
«Pbyed In thrs,rj*ratm of two components snch as me oda«l^ 

tten be represented by one side of the triangle. Thus, in Rg. 1. 0 ) n^^,, ^ 

25 ( aaZo T ^ ^ ^ X. (2) the hydmphilic 

^^phaseandWtl.highHl^ surfactant. By way of example, the^Zt "A" 

The regions of the phase diagram in which microemulsions according to the present 

^com (in a fixed ratio) against the high HLB surfactant and the hydrophilic phase, 

notag pomt, of phase separation. wtttorty and transparent^ 

fannuJatron, are indicative of the formation of a stable miaoemulsion. Liquid and 

35 

. mphb of the co mp onen ts employed. 

Once stable tnuisparent systems are obtained, simple tests, such as dye solubilization, 
arspexsrbihty in water and conductivity measurements may be used to determine 
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tmcxoenml™ ii an (o/w)- or i (w/b)^ A water-soluble dye will 
, 7~ "xewue, (o/w) microemulaonj are generally dispersible in water 
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picture may be obtained ,wrau 



15 inZTZT T"^ pha " ^ °' > ^ containing in the 

^ of excess water (at lea* S-foldX Both the viscosity ami 

^ Wofe ^°f*e«ii»Pcnedpl««(sali„eorw«er). 
™*™*™^*" u of legions (A) and (B) are inverted to turbid (o/w) emulsions In 
;0 nncrocnulsions region (Q remains clear upon dilution. 

values for the blend of low and high HLB surfactants in the 
regions (A), (B) and (Q are 7 to 1 1, 1 1 to 13 and 13 to 15, respectively. 

5 Srm" ^ the ^I* °f *e present invention are those falling within 
5 ^gions (A). (B) and (Q of the pseudo-ternary phase diagram. 

fonn stable, self-enudstfytng (w/o) nncxoentulsions as hereinbefore defined in which 
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the relative proportions of the various components lis within regions (A), (B) and (Q, 
piefeiably (A) and (BX more preferably (A), of a pseudo-ternary phase diagr ams such 
asRgl 

In genera], in the representative system, stable, clear, transparent liquid 
microemnlsions were obtained when the oil plus low HLB surfactant was present in 
the range from about 40% to less than 1 00% t the high HLB surfectant less than 50% 
and the water less than 20% (w/w) of the microemulsion. 

By this process of constructing a representative range of phase diagrams, it is 
possible to determine appropriate quantities of the various co m po nen ts which win 
lead to stable, self-emulsifying microemulsions falling within the present invention. 

Suitably, the lipophilic phase comprising fatty acyl triglyceride and the low HLB 
IS surfactant together comprise from about 8 to about 95%, preferably about 10 to about 
90%, more preferably about 40 to about 90%, most preferably about 60 to about 90% 
(w/w) of the microemulsion. The fatty acyl triglyceride and the low HLB surfactant 
may be combined and mixed at various ratios. Useful (w/o) microemulsions of 
relatively low viscosity may be obtained when the ratio of fatty acyl triglyceride to 
20 ^HI^surfactamisintherMgeofabow to 
about 2:1. It is found that as the ratio of fatty acyl triglyceride to low HLB surfactant 
is increased towards 5:1, region (Q of the microemulsion existence field becomes 
increasingly predominant Suitably, microemulsions of the present invention 
comprise in the lipophilic phase at least 50% of medhmi-chain components. 
25 Preferably, the ratio of medium- to long-chain components is from about 9:1 to 1:1, 
more preferably from about 6:1 to l:l,mostpreferably about 4:1 to 1:1. 

Suitably, the high HLB surfactant is present in the range of about 5 to about 75%, 
preferably about 5 to about 50%, more preferably from about 7.5 to about 30% (w/w) 
30 of the microemulsion. 



Suitably the hydrophilic phase comprises from just greater than 0 to about 40%, 
preferably from about 0.1 to 20%, more preferably from about 0.1 to 10% and most 
preferably from about 1 to 5% (w/w) of the microemulsion. 
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It will be readily appreciated by the skilled person thai, in general, an increase in the 
relative amount of high HLB surfactant will have to be matched by an increase in the 
relative amount of hydrophilfc phase. 

1 ■ ■ ft 

In microemulsions of the present invention, the lipophilic phase comprises preferably 
about 10-90%, more preferably 40 to 90%, most preferably 60 to 90%, the high HLB 
surfactant preferably from about 5 to 75%, more preferably from 5 to 50% f most 
preferably 7.5 to 30% and the hydrophilic phase preferably less than 40%, more 
preferably less than 10% and most preferably less than 5% (w/w) of the 
miaoemolsion. Within such microemulsions, the ratio of fatty acyl triglyceride to 
low HLB surfactant is preferably between 4:1 and 2:1. 



The microemulsions of the present invention are substantially non-opaque, that is 
they are transparent or opalescent when viewed by optical microscop ic means. In 
their undisturbed state, they are optically isotropic (non-birefringerit) when examined 
under polarized light They exhibit excellent stability at low and ambient 
tenrperatures, without phase separation, clouding or precipitation, even over 
prolonged periods of time. The formulations may be stored in a stable form at 
various temperatures, such as at 4°C ambient temperature, 37°C and at 50°C 
preferably at 4°C or ambient temperatures. Peptide-comaining microemulsioris of the 
present invention exhibit a similar stability (shelf life) profile to that of the 
corresponding peptide-free microemulsions. Stable (w/o) microemulsions may be 
formed when the pH of the aqueoia phase varies fr^ 

about 10, a property that can be beneficial for drugs exhibiting higher solubility at 
25 low or high pH. The microemulsions are of varying viscosity, with formulations 
which are mobile liquids or gels at ambient temperature. Microemulsions with a 
relatively higher amount of a high HLB surfactant such as TWEEN 80 tend to be 
more viscous due to the greater viscosity of this material. 



Preferably, the diameter of droplets or panicles of the microemiilsions of the present 
invention, measured, for instance, as the number-average diameter by laser light 
scattering teebmques, is less than 150 mn, more preferably less than 100 nm, yet more 
preferably less than 50 nm and most preferably in the range 5 to 35 nm. 



35 



The various phases may optionally contain further ingredients, such as, but not 
limited to: 
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i) li|<di,iucfeoptaipb^ 

lecithins, egg lecithin or egg phosphatide, cholesterol or long-chain fatty acids 
such u oleic arid; 

ii) antioxidants such as n-propyl gallate, butylated hydioxyanisole (BHA) and 
mixed isuuieis thereof, d-a-tocopherol and mixed isomen there of , ascorbic 
acid, propylparaben, metfaylparaben and citric arid (monohydrate), for 

• instance in amounts less than 3, preferably less than 1% (w/w); 

iii) bile salts, for instance as their alkali metal salts, such as sodium taur oriio late; 

iv) stabilizers, sucfa as hydroxypropyl cellulose, for instance in amounts less than 
3, preferably less than 1% (w/w); 

v) annmicrobials, such as benzoic acid (sodium salt); 

vi) dioctyisuccinate, di-octylsodium sulfosuccinaie or sodium lauryl sulfate; 

vii) propylene glycol mono-and di-fatty acid esters, such as propylene glycol 
dicapryiate, dilaurate, hydroxystearate, isosteamte, iaurate, ricinolate, etxx, of 
which the propylene glycol capryhc/capric arid diesters commercially known 
as Miglyol 840 and Imwitor 408 are especially p r ef erred; and 

viii) protease inhibitors such as apiDiinin. 

The microemulsions of the present invention form spontaneously or substantially 
spontaneously when their components are brought into contact, that is without the 
application of substantial energy supply, for instance in the absence of trifeh shear 
energy such as imparted by homogenization and/or nucrofluidization or other 
mechain^agitatioiL Accordm 

the simple process of admixing appropriate quantities, with gentle hand mixing or 
stirring if necessary to ensure thorough mixing. Preferably, the drug is dissolved in 
the hydropnilic phase, either directly or by dilution of a stock solution thereof and this 
may then be added to a prefixed combination of the oil and the low HLB surfactant 
with mixing, followed by the high HLB surfactant or vice vena. Alternatively, a 
drug-free microexnulsion may be initially prepared by admixing the oil, the low HLB 
surfactant, the high HLB surfactant and drug-free hydropnilic phase; to which may 
then be added further hydropnilic phase in Which the drug is dissolved. Whilst higher 
temperatures (40-60°C) may be needed to solubilize all components during the 
preparation of the microemulsion, the preferred systems may be formulated at room 
temperature. Formulation at ambient temperature is particularly advantageous for 
thennolabile active ingredients such as peptides. 
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The pUiui^uJcal ccmpomionj of the present invention comjmse a trierapeutic 
agent and are intended for use in therapy, for ^inistmion to aninals, iadnding 



Accordingly, in a father aspect, the present invention provides a method of treatment 
which comprises adnfaistering an effective amount of a pharmaceutical composition 
as hereinbefore defined to a patient in need thereof. 

It wffl be recognized by the skilled man that Aeamotmtof dragreo^fbr 
therapeutic effect will vary with the drug chosen, the nature and severity of the 
cotidition and the amrrud tiriderg^ 

the physician. Furthermore, the optimal quantity and spacing of individual dosages of 
a drug will be determined by the nature and extent of the condition bemg treated, the 
form, route and site of administration, the particular patient being treated and that 
such optima can be determined by conventional techniques. It will also be 
appreciated that the optimal course of treatment, that is. the number of doses given, 
may be readily ascertained using conventional course of treatment detenrnnarion 



20 ma further aspect, the nrcsentiriventi 

triglyceride, a low HLB «ur&ctan M high HLB surfaoam. a therapeutic agent and a 
nydrophflic phase as hereinbefore defined in the manufacture of a medicament. 

Pharrnaceutical compositions of the present invention may be used for oral, topical, 
rectal, imra-vagmal or other forms of systemic administration and accordingly will be 
P«cntedmfoTn»sufabkfa,uch. Thus for instance, pharmaceutical composition, 
mtendedfatiral admimstration may be presented in soft gelatin capsules whilst the 
viscosity characteristics of some of the pharmaceutical compositions make them 
suitable for direct topical application. Compositions suitable for oral or topical 
ad ministratio n are especially prefered. 
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The microemultion compositions of the present invention without a drug are novel 
and useful as precursors to drug-containing rnicroemulsions. Accordingly, in a 
further aspect, the present invention provides a composition comprising (a) a 
35 lipophilic phase having an oil which is a fatty acyl triglyceride and a low HLB 
surfactant which is a fatty acyl monoglyceride, a fatty acyl diglyceride, a sorbitan 
fatty acyl ester or a mixture thereof, in which tl* fatty acyl moieties are a mi^ 
medium and long chain fatty acyl moieties; (b) a high HLB surfactant: and (c) an 
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aqueous bydrophiKc phase in which each of (a), (b) and (c) are as hereinbefore 
defined and which on admixing form a stable, self-emuisifying water-in-oil (w/b) 
naeroe nwMo n which is liquid at room temperature. 

The invention will now be illustrated by, but not limited to, the following descriptions 
(drug-free compositions) and examples (drug-containing compositions) and biological 
examples, with reference to the above noted figures: 

DESCRIPTIONS 

Description 1 - Phase Diagrams for Representative Compositions 



Pseudo- ternary phase diagrams were constructed for the following representative 
systems comprising in the lipophilic phase: 

15 



No. 


Fatty Add Triglyceride 


LowHLB Surfactant 


Ratio 




1 


Captex 355 


Ariacei 186 


3:1 


2 


2 * 


Captex 355 




3:1 >. 


3 


3 


Q^itex 355 + soybean oil 
fl:l) 


Ariacd 186 


3:1 


4 


4 


Captex 355 + soybean oil 
(3:1) 


Ariacei 186 


3:1 


5 


. 5 


Captex 355 + soybean oil 
(1:1) 


Capmu! MCM 


3:1 


6 


6 j 


Captex 355 + soybean oil 
(3:1) 


CapmulMCM 


3:1 


7 


7 


Captex 355 


Ariacei 186 + Capmul 
MCM (1:1) 


3:1 


8 


8 


soybean oil 


Ariacei 1 86 +• CapmnI 
MCM (1:1) 


3:1 




9 


soybean oil 




3:1 





in combination with Tween 60 as the high HLB surfactant and saline as the 
hydrophilic phase. 



The region of the phase diagram in which microemulsions were formed was 
determined by titrating a mixture of the oil and low HLB surfactant (in a fixed ratio) 
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tpiimibftfeigbHLB softaantandthe aqueous phase, noting points of phase 
separation, turbidity and transparency. 

The resultant phase diagrams are shown as figures 2 to 8. Rgure 2 has already been 
5 >««tioned Phare diagrams weiecAtm 

no clear and transparent (w/o) microemiilsions were produced A wide range of dear, 
transparent, liquid ( w /o) miooemulsions as shown by regions (A), (B) and (Q were 
available, for all but system no. 5 which gave only a (Q region. These were stable at 
room temperature and 37°C.> When examined imder polarued hght, rx>n-birefringent 
10 behaviour was observed. ,. 

These phase diagrams show that nucroemuisions within the scope of the present 
invention are obtained for ratios of fatty acyj triglyceride to low HLB surfactant 
ranging from 4:1 toil. - ... 
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From these, the skilled person will readily appreciate that the microcmulsion 
odstence regions for other systems may be readily determined by focussing on the 
rattos defined by regions (A). (B) and (Q rather than having to repeat the whole 
Process and look atrelative amounts well removed from these regions. 



EXAMPLES 



For further studies on microemulsioi« incorporetm^ 
was selected from the centre of region (A) of the phase diagrams hereinbefore 
45 described. This formulation had the composition: 

Capiex355/Ariacel 186 (ratio 3:1) g7.0% 
Tween 80 10 
saline solution ^ 

Such microemulsions were generally formulated by initially preparing the drug- 
containmg hydrophilic phase, either by dissolving the appropriate amount of dreg in 
the appropriate amount of saline solution or, more preferably, using a stock solution 
which was then furtner diluted if so 

obtain complete dissolution. The hydrophilic phase containing the drug was then 
added to the appropriate amounts (by weight) of a mixtoreof theoUandthelowHLB 
surfactant, to which was then added the high HLB surfactant, with gende stirring 
(magnetic hot plate stirrer). Alternatively, the hydrophilic phase containing the drug 
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was added to the high HLB surfactant and following upon complete mixing, this was 
added to the oil plus low HLB surfactant mixture. If necessary, the drugnarataining 
microcmulsion was then diluted with the corresponding drug-free raicroemuision to 
adjust the concerirxanon of the drug. Batches were routinely prepared on a 5 or 10 g 
5 scale. 

Following die standard procedure outlined above, the following drug-containing 
microernulsions were prepared, as shown in the following table: 

10 Table of Examples 



Example 


Drug 


Drug cone 


oil & low . 


highHLB 


aqueous 






mg/g form. 


HLB 


surfactant 


phase 








surfactant 


%(w/w) 


%{w/w) 








%(w/w) 






1 


vaso-pressin* 


0.06 


87.0 


10.0 


3 



Footnotes to table 

• Val-Asp^.Tyr-Phe^ln-Asri-(^s-Pro-Ai^-Gly- Jfflj (MW of about 1300) (ICN 
15 Biocfaemicals), aq. = saline. 

METHODS OF TREATMENT 

20 The formulations of the present invention are tested for GI irritation assessment with 
out an active ingredient by the following method: 

Oral Dosing in Rats/flT Irritation Assessment 

Suitable rats for use in this assement are male Sprague-Dawley (Caesarian Delivery - 
25 Virus Antibody Free; Charles River Laboratories). The rats are fasted overnight the 
day before the experiment Dosing with the microemulsion at the desired dose is 
done by gavage at a volume not exceeding 10 ml/kg. Upon termination of the 
experiment animals are euthanized with asphyxiation using carbon dioxide and 
exsanguinated. Abdominal incisions are then performed and gross observations of 
30 the gastric and duodenal mucosa are made at naked eyes and under a microscope 
(Nikon model SMZ-10 binocular microscope). 
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One aspect «rf the prawn invention are the formulations of w/o self-emulsifying 
m fcroe mn ls ta M with or without peptide which produce tittle, if any, damage along 
the GI tract upon oral admimstranon. The formulations of the above Frnmplnt, 
for instance, arc given orally by gavage (preferably at three ran per formulation). 
After 24 hrs the animals are exsanguinated and upon abdominal incisions are 
examined bom by italorfey^ The mucosal surface of both 

the stomach and duodenum of the animals that received microemulsions containing 

CAFTEX/CAPMUL or CAPTEX/ARLACEL are examined to see if they arc free of 
any lesions at naked eye. 

Oral BiowvuilBhilitv cvf »n gnn Pemi^ ;„ R„ r 

In the procedure described below microemulsions formulated as described above and 
containing, for instance, 3mg of peptide per gr of microemulsion arc tested in the 
following manner for oral bioavailability. 

a) Intravcnrm fivl »riTnj mTtT atinn piaaajdejn, snlfftr? 
Fasted rats arc given an intraperitoneal (i.p.) injection and surgically fitted with 
femoral artery catheters. Rats ware allowed to recover from the surgery for 1 day. 
Gtmerizedrats arc fasted for 18 hr pner to Aeexperimeiu. F^m receives 3mg of 
peptide by lateral tail-vein administration from a solution prepared as follows: 

10.84 mg peptide qj. to 8ml with 0.9% saline solution. Blood samples ofO^ml 
atiquots are collected at QJ. 3, 5. 10, 15. 30. 45. 60. 90. 12a 150 and 180 minutes. 
The 0 min. sample is taken 15 min prior to administration of the dose. Plasma is 
removed from the whole blood by centrifugation at 160O0Xg for 5 min, and then 
plasma is stored at -20°C in 250^1 aliquots per sample. The blood pellet is 
re«msntmed wim heparmized san^ 

After the experiment, rats were euthanized with iv administration of pentobarbital. 

Fasted rats are given an Lp. injection of anesthesia cocktail and surgically fined 
with jugular and duodenal catheters. Rats arc allowed to recover from the surgery for 
4-5 days. Catherized rats arc fasted 18-20 hrs. prior to the experiment Each rat 
receives lOrag of peptide in either microemulsion or saline solution. Blood samples 
of 0.5ml aliquots are collected via jugular catheter in heparinized eppendorf tubes at 
35 0, ia30.6ai20.180,240aiidl440miiiutes. The 0 min sample is taken 15 min 
prior to administration of the dose by duodenal catheter. Plasma is collected for 
analysis and the blood returned to rats as described m UMLv.admmistrarion (part a) 
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abov e. After 1440 mm, rats are euthanized by iv admimstrarion of pentobarbital, 
exsanguinated and the 01 tract removed for gnw observation, 
c) Analvrii of neurit P )>, TOff concern nitinn 

Standards are placed before and after die sample for HPLCinaJym. A50jd 
> aliquot for 0-200 ngpeptkle,25>ililiqtxxfcT 1000-2000 ngpe^ 15^1 aliquot for 
HUM0 ng peptide and a 50jil aliquot of each cample is analysed by post-column 
fluorescence detection. Fluorescence chromatography data is collected and integrated 
using a Nelson Chromatography Data System. The peak area ration (Y) and peptide 
standard concentration (X) are used to determine the slop of a line which is forced 
through the origin from the equation: slope « (sum ofX*Y)/(Sum of X 2 ). Hie slope 
represents the relationship between peak area ratio and peptide plasma concentration 
for the samples. 

d) CriCTlarimnfBin a v».-i,,Mij tv 

Rrst, the area under the plasma concentration curve (AUQ from 0 to 240 
mmmesiscteterntinedforeachrai. For id administration, percentage bioavailability 
isdetenninedforeach animal by the following equation with the average AUC from 
iv administration: [(AUC^AUC^dosef^doseia)] * [100]. 

20 TheoralmMvailabititydmfOTth^^ 

*^utBBSttBtion of a microemulsicD containing the above formulations incorporating a 
fibrinogen rcceptOTanmgomst of a pej^ 
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25 BioavaihiMitvnfrn^n 

Using an unconscioas rat model (Walker et al* Life Sciences. 47, 29-36, 1990), the 
bioavailability of the model compound calcein (5(6>-cart>oxyfluc TC sceiiT, MW=623) 
when dosed as a formulation comprising Captex 355 + soybean oil (ratio hiyArlacel 
186VTween 80Asotonic <Tris,10mM, pH 7.4) (30/30/15/5 w/w%) was assessed and 
compared with that obtained when the same compound was dosed by the same route 
but as a solution in isotonic Tris buffer. Being a fluorescent compound, the levels of 
the compound in the plasma samples could be readily determined using fluorescence 
spectroscopy. After mtraduodenal fid) dosing of calcein at 3.0mmol/kg (LOmVlcg 
nfcroemulsion), the bioavailability was 8.8 ± 2.4% (n=5). In comparison, the 
bioavailability of the same compound administered as an isotonic Tris buffer was 
only 1J±0J% (n=5). 
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When applicable, the ftsmnluionj of the present invention are tested for m vnv 
activity. As one of the active ingredients utilized herein is a fibrinogen receptor 
«attgnnist a platelet aggregation assay is employed to determine pharmacological 
aaiviry of the peptide from microemulsions. These studies are carried out as shown 

below. ...... 

Olal Poiinr in T>)wrt>Iatelct Airpn- pmnn Arav • 

Dogs used in this assay are male Mongrels fix. from mixed breeds). The 
dogfij) are lasted overnight the day before the experiment. The cephalic vein of 
choice is prepared for the indwelling catlieter m the followmg way: the area is first 
shaved and cleaned with a g ame soaked in 70% alcohoL An indwelling catheter is 
placed in the capnauc vein and attached to a toerlockadapterfilledwim 3.8% sodium 
anate. Thecatheter is securely taped down. When a blood sample is withdrawn, a 
0J ml of blood is withdrawn into a separate 1 cc syringe before the actual sample so 
15 that dilution of the blood sample from the sodium citrate contained in the luer lock 
adapter is avoided. Then 2.7 ml of blood are drawn in a 3 cc syringe and placed in a 
Venoje« vacuum tube containing pj ml of 3.8% sodium citrate and labelled with the 
•PFopriate time point. The tube containing the blood sample in 3.8% sodium citrate 
is gently inverted tew times to mix components and then 1 ml is withdrawn tor the 
20 whole blood aggregation assay. The rest of the blood sample is transferred to an 
qjpendroff tube and upon centrifugation the supernatant plasma is removed and 
transferred to a new tube which wis then frozen for subsequent HPLC analysis to 
determine peptide content 
_ Just after the zero time point blood sample is withdrawn, an appropriaa dose 

25 of microemulsion with or without peptide is administered orally to the dog using a 
size 12 gelatin capsule. 

The blood samples are then assayed for platelet aggregation inhibition using 
the Chromo-Log whole blood aggregometer. The insonnnent is wanned to 37°C 
before samples arc run and the probe is cleaned with distilled water and a soft brash. 
30 The probe is anached to the aggregometer and placed in a cuvette of saline solution 
and warmed in a side cuvette well in the aggregometer. For me actual assay, 1 ml of 
the 2.7 ml of blood sample mixed with the 0.3 ml 3.8% sodium citrate contained in 
the Venoject vacuum tube is added to a cuvette and placed in the aggregometer well. 
A stir bar is placed in the cuvette and set at 900 rpm. The probe is placed firmly into 
35 the test cuvette and the lid is shut Baselines, zero and calibration arc set. Calibration 
is set equal to 20 = 5 ohms. The stirring cuvette is permitted to settle for five minutes 
at which points nl of collagen is added to the whole blood that is being stirred to 
yield to a 5 (ig/ml final solution in the cuvette. 
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Tbe reaction is monitored for two minutes once the slope change reaches the 
baseline of the collagen addition, calculating the change in ohms per minute using the 
slope of the two minutes. The change in ohms per minute is calculated as a % of the 
control The control value is determined by the average of the -15 and the 0 time 
5 points. After each use the probe is removed and cleaned with distilled water and 
wiped with a soft cloth and brush. 

Discpftrinn and Conclusion: 

A dog is considered a good model to assess the pharmacological effect of one 
1 0 class of peptides of interest herein, the RGD containing fibrinogen receptor 

antagonists. Experiments are conducted as described above, with a peptide dose of 3 
mg/kg or microemulsion dose of 0.5 ml/kg. Control experiments where the peptide is 
given- orally in a saline solution are independently carried out earlier and serve as a 
useful comparison to the effects seen with the microemulsion-fbrmulated pepti de 



As one of the active ingredients utilized herein is a Growth Hormone Releasing 
Peptide the appropriate assay for in vivo activity is determined as shown below. 



In ViVO Testinr Of GHRP^timting Mjcmemtilrinn. 

20 A microemulsion with a composition (w/w) in accordance with the Examples 

illustrated above is made. Upon preparation, it is further stored in a stable form at 
ambient temperature for approximately 48 hrs before the in vivo evaluation. A 
control solution of a GHRP peptide, His-r>Trp-Ala-Tip-D-Phe»Lys-NH 2 » in saline at 
1.5 mg/ml is also prepared. 

25 

Dosing is done by single intraduodenal administration of GHRP at 3 mg/kg in 
male rats in saline solution (control) and in the aforementioned niicroemulsion using 
3 rats in each case. Prior to actual sampling and dosing, each rat is anesthetized with 
Pentobarbital at 50 mg/kg Lp, diluted with saline to a final volume of 1 mL The rats 

30 stay anesthetized for the entire experiment. Dosing is achieved in the following way: 
a small incision 2-3 cm long is made on the abdominal midline, and then a purse- 
string suture is placed on the duodenal muscle. A small hole is made in the center of 
the purse-string suture in which a blunt 23 G stub needle attached to a tuberculin 
syringe is inserted to deliver the dose. Upon completion of dosing, the purse-string is 

35 tied to close the opening. The incision is closed with wound clips. A 02 ml blood 
sample is obtained via jugular catheter at the following intervals: -15, 0, 5, 10, 15, 30, 
45, 60,90, and 120 minutes. Blood samples are stored on ice and subsequently 
analyzed for Growth Hormone by an RIA method. 
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Analysis of the samples generated from the experiment mentioned above nod 
to have determined the pharmacological activity of CHRP. Poritive data will irxiicate 
_ that Growth Honnow Relea^gPeptioeu orally acti^ 
a fannntadon of the present invention. However, blood levels and actual 
bioavailability need to be correlated to observed pharmacological activity. 

The amount of active ingredient required for therapeutic systemic administration will 
rfcoorse, vary wim the compound chosen,^ ' 
and the mammal, induding humans, undergoing treatment, and is ultimately ar the 
discretion of the physician. 

Ultimately, the present invention also includes a method of treatment which 
comprises administering an effective amount of a pharmaceutical composition as 

^t™I. aPatieMinneed,hCrc0f - ^"ly. the thereapeutic agent is 

^ anB 8° n « W**- Growth Hormone Releasing 

Pcpnde, vasopressin, elcatonin, calcitonin, calcitonin-gene releated peptide, pontine 

—"^•In-lta. Tnedise^suu^anduseaofeachofmeaZ^Z 
flweapeonc agents is well known to those^intheanandfo,,,^^ 
agents alerady cross referenced to their respective patnts. For instance, use as 
Platelet aggregation inhibitors, growth promoters, for osteoporosis, and diabetes. 

T^b^d^ipdon fully discloses the invention including preferred embodiments 
hereof. Modifications and improvements of the embodiments specifically disclosed 
^IT. thCaC ° PCO(thc foii ^ Without further elaboration, it is 

beheved that one skilled in the an can. using the preceding description, utilize the 
present mvention to i B fullest extent Therefore the Examples herein are to be 
construed as merely illustrative and not a limitation of the scope of the present 
invennoninanyway. The embodiments of the invention in which an exclusive 
iU Property or privilege is claimed are defined as follows. 
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Whit we chum is: 

1 . A pharmaceutical composition comprising: 

(a) a lipophilic phase having an oil which is a medium- or a long-chain fatty acyi 
5 triglyceride or a mixture thereof and a low HLB surfactant which is a medium- or 

a long-chain fatty acyl mono- and/or diglyceride, a sorhitan long-chain foxy acid 
ester or a mixture thereof, such that the lipophilic phase comprises a mixture of 
medium- and long-chain fatty acyl moieties ; 

(b) a high HLB surfactant; 

(c) an aqueous hydrophilic pha se; and 

(d) a water-soluble therapeutic agent; 

which on admixing form a stable, self-emulsifying, water-in-oil (w/o) microemulsion 
which is liquid or a gel at room temperature. 

IS 2. The composition according to Claim 1 in which the lipophilic phase comprises 
(i) a mixture of a medium-chain fatty acyl triglyceride and a low HLB surfactant 
having a long-chain fatty acyl moiety; or 

GO- a long-chain fatty acyl triglyceride and a low HLB surfactant having a medium- 
chain fatty acyl moiety ; or 

20 (ifi) a tnixtureof a long-chain and a medium-chain fahy acryl triglyixride and 
medium-chain fatty acyl mono- and/or diglyceride. 
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3. The composition according m Claim I m w 

12 carbon atoms and the long-chain from 14 to 18 carbon atoms. 

4. The composition according to Claim 1 in which the high HLB surfactant is a 
non-ionic high HLB surfactant 

5. The composition according to Claim 1 in which therapeutic agent is peptide. 

6. The composition according to Claim 1 in which the peptide has a molecular 
weight of from 100 to 6,000. 



7. The composition according to Claim 5 in which the peptide has from 2 to 35 
35 amino acid moieties. 



8. The composition according to Claim 1 in which therapeutic agent is a 
fibrinogen receptor antagonist, a growth honnone releasing peptide, insulin. 
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cakhtHrin, elnnmn, calriinmn -genc related peptide and porcine sot natosarin at well 
as analogs tnd hofnologs thereof. 

9. The composition according to Claim 1 in which the ratio of medium- to k»g- 
5 chain components is from about 9:1 to 1:1. 

10. The composition according to Claim 9 in which the rario of medium- to long- 
chain components is from about 1: 1 to 8:1 

10 11. The composition accoroing to Claim 1 in which ratio of forty acyi triglyceride to 
tow HLB surfactant is in the range of 5: 1 ©1.5:1. 

12. Tl« composition according to Claim 1 in which the lipophilic phase comprises 
from 10-90%, the high HLB surfactant from 5 to 75% and the hydropinlic phase less 

1 5 than 40%(w/w) of the miexoemuision and the ratio of fatty acyl triglyceride to low 
HLB surftctam is between 4:1 and 2:1. 

13. The coniporitkraao^mlmg to Claim 1 m wm^ me relative proportions of the 
various components lie within the regions (A), (B) and (Oof a pseudo-ternary phase 

20 diagram in any one of Fig. 2 to 8. 

14. The composition according to Claim 1 adapted for oral delivery or topical 
application. 

25 15. Use of a pharmaceutical composition as defined in Claim 1 in the manufacture 
of a medicament wherein the therapeutic agent is a fibrinogen receptor antagonist, a 
growth hormone releasing peptide, insulin, calcitonin, elcatonin, calritonin-gene 
related peptide and porcine somatostatin as well as analogs and horoologs thereof. 

30 16. A composition comprising (a) a lipophilic phase having an oil which is a fatty 
acyl triglyceride and a low HLB surfactant which is a fatty acyi monoglyceride, a 
fatty acyl digiyceriae, a sorbitan fatty acyl ester or a mixture thereof, in which the 
fatty acyl moieties are a mixture of medium and long chain fatty acyl moieties; (b) a 
high HLB surfactant; and (c) an aqueous hydrophilic phase in which each of (a), (b) 

35 and (c) are as defined inany one of claims i to 12 and which on admixing form .a 
stable, self-emulsifying water-in-oil (w/o) microemulsion which is liquid at room 
temperature. 
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17. TbectampotitkMiccOTiing toCl^ 16 which funhCT provides for oral 
bkjavailabflity enhancement of ft therapeutic agent in a mammal 

18. A process for production of a pharmaceutical composition which process 
5 comprises: 

G) admixing 

(a) a lipophilic phase having an oil which if a fatty 

HLB surfactant which is a fatty acyl rnonoglyceride, a fatty acyl diglycexide, a 
sorbitan ratty acyl ester or a mixture thereof, in whic h the ratty acy 1 moieties are a 
10 mixture of medium and long chain ratty acyl moieties; 

(b) a high HLB surfactant; and 

(c) an aqueous hydrophilic phase; 

GO farming a stable, self^ulsifying water-in-afl (w/o) micToernulsion which is 
liquid at room temperature. 
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